The identification of critical components in plant salt stress adaptation has greatly benefitted, in the last two decades, from fundamental discoveries in Arabidopsis and close model systems. Nevertheless, this approach has also highlighted a non-complete overlap between stress tolerance mechanisms in Arabidopsis and agricultural crops. Within a long-running research program aimed at identifying salt stress genetic determinants in potato by functional screening in Escherichia coli, we isolated Asg1, a stress-related gene with an unknown function. Asg1 is induced by salt stress in both potato and Arabidopsis and by abscisic acid in Arabidopsis. Asg1 is actively transcribed in all plant tissues. Furthermore, Asg1 promoter analysis confirmed its ubiquitous expression, which was remarkable in pollen, a plant tissue that undergoes drastic dehydration/hydration processes. Fusion of Asg1 with green fluorescent protein showed that the encoded protein is localized close to the plasma membrane with a non-continuous pattern of distribution. In addition, Arabidopsis knockout asg1 mutants were insensitive to both NaCl and sugar hyperosmotic environments during seed germination. Transgenic potato plants over-expressing the Asg1 gene revealed a stomatal hypersensitivity to NaCl stress which, however, did not result in a significantly improved tuber yield in stress conditions. Altogether, these data suggest that Asg1 might interfere with components of the stress signaling pathway by promoting stomatal closure and participating in stress adaptation.
Introduction
Salt stress is one of the major constraints to agriculture, causing large yield decreases in a variety of crops all over the world (Munns, 2002; Flowers, 2004) . High concentrations of salt in the soil are known to affect both ionic and osmotic homeostasis in plants, causing reduction of leaf transpiration, inhibition of shoot growth and decreased seed germination (Zhu, 2002; Munns and Tester, 2008) . Considerable progress has been made over the last two decades toward the elucidation of fundamental mechanisms underlying plant stress tolerance with the ultimate goal of identifying candidate traits to improve the performance of agricultural crops (Atkinson and Urwin, 2012) . Key players in the complex network Abbreviations: ABA, abscisic acid; GFP, green fluorescent protein.
of stress induced responses have been identified (Shinozaki and Yamaguchi-Shinozaki, 2007; Krasensky and Jonak, 2012) . These include components of the ion homeostasis machinery (Amtmann and Leigh, 2010) , ROS signaling and scavenging systems (Foyer and Shigeoka, 2011) , water movements and osmoregulation (Pardo, 2010; Verslues and Juenger, 2011; Aroca et al., 2012) , signaling (Kuromori et al., 2010; Weiner et al., 2010; Lee and Luan, 2012) , hormonal regulation (Raghavendra et al., 2010; Klingler et al., 2010) . Only a few of these genes, mostly isolated in Arabidopsis through forward genetic screenings, have been successfully transferred into crop species (Nelson et al., 2007; Karaba et al., 2007; Qin et al., 2011; Deikman et al., 2012) . This may partially be due to an imperfect overlap of adaptation mechanisms between Arabidopsis and other plants, including agriculturally important species. For example, the accumulation of proline or other compatible solutes is not typical of Arabidopsis, which produces only 20 mol/g of proline fresh weight in response to 200 mM NaCl (Tsugane et al., 1999) . In contrast, tomato plants subjected to the same level of stress accumulate proline up to 100 mol/g of fresh weight (Fujita et al., 1998) , and they have a constitutive 200 mol/g of fresh weight of proline in pollen. Other mechanisms that lead to salt stress adaptation may differentially promote shoot vs. root development and indirectly affect the commercial portion of the plant. For instance, assessment of plant stress tolerance based on the aboveground plant response to salinity may not be informative for understanding the development of underground commercial organs such as roots (Chołuj et al., 2008) and tubers (Singh and Kaur, 2009) .
With the long-term objective of identifying critical components in salt stress adaptation in crop plants, a cDNA library obtained from Solanum commersonii, a stress tolerant wild relative of the cultivated potato, was expressed in Escherichia coli to identify cDNA clones conferring to E. coli the ability to grow on high concentrations of salt (Massarelli et al., 2006) . E. coli has been shown to be suitable for the identification of downstream components directly involved in plant stress responses and tolerance acquisition. Yamada et al. (2003) isolated from the halophyte Sueda japonica the gene RelA/SpoT, encoding a phosphoethanolamine Nmethyl transferase able to confer salt tolerance to E. coli. Similarly, Arabidopsis cDNAs encoding DRT (DNA-damage-repair/toleration) proteins were isolated by complementation of E. coli mutants impaired in the DNA repair mechanisms against UV-light damage (Pang et al., 1993) . By overexpressing in E. coli a S. commersonii cDNA library, genes encoding for proteins already known to confer stress tolerance, such as dehydrins and chaperonins were also identified, thus providing further evidence that functional screenings in E. coli are suitable for the isolation of genes directly involved in the cellular responses to salt stress (Massarelli et al., 2006) .
One of the identified potato cDNA clones, N2.1, encoded a previously uncharacterized gene, named ASG1 (Abiotic Stress Gene 1). Asg1 encodes a putative protein of unknown function with a predicted DUF1005 domain of unknown function at the C-terminus which is shared among members of a small plant-specific protein family. Although Asg1 has no sequence similarities that could suggest its biological function in plant cells, its isolation through a functional screening indicated that Asg1 could contribute to plant stress response mechanisms. In this study, by a transcriptional and functional analysis of Asg1 gene in response to stress conditions, we demonstrate that Asg1 is a positive regulator of osmotic stress response in Solanum tuberosum and Arabidopsis thaliana via an abscisic acid (ABA)-dependent pathway.
Materials and methods

Plant material
Solanum tuberosum cv. Desirèe was the wild-type background genotype for potato experiments. Plants propagated from internodes and grown in vitro for 4 weeks on MS30 medium (Murashige and Skoog, 1962) prior to transfer in vivo were used for physiological and expression analyses.
The Arabidopsis ecotype Col-0 was used as wild-type control. Seeds of the T-DNA insertion mutant for Asg1 (asg1, Salk 059272) were obtained from the Arabidopsis Biological Resource Center (ABRC). Homozygous knockout mutants were selected by PCR using primers LP and RP.
Growth conditions and stress treatments Potato
Different experimental systems were used to study potato response to salt stress. Hydroponics cultures, obtained from in vitro grown plants transferred to solution containing 0.4× MS were exposed to 200 mM NaCl for gene expression analyses or to 100 mM NaCl for stomatal resistance and water potential studies. For measurements of physiological and yield parameters in the presence of salt stress, in vitro-propagated plants transferred to pots containing a mix peat:perlite = 1:1 were used. Plants were daily irrigated with Hoagland nutrient solution.
For a prolonged salt stress experiment, potato plants from transgenic line (15A8) and controls (wild type and vector only) were grown in greenhouse and exposed to 3 salt concentrations (50, 100 and 150 mM NaCl). Salinization was accomplished by adding weekly increments of 50 mM NaCl to the nutrient solution. After three weeks, three salinity levels were reached plus a non-salinized control. Six weeks after the initial transfer of the plants to soil, physiological (stomatal resistance and leaf water potential), biometric (total biomass and leaf area) and productive data (tubers fresh weight) were collected. For short-term salt stress experiments, plants were grown in growth chambers in controlled conditions of temperature (20 • C Day, 15 • C Night), relative humidity (50%) and photoperiod (12 h). One week after transfer to pots 36 plants (6 per genotype) were randomly arranged and irrigated with Hoagland solution or Hoagland solution plus 100 mM NaCl. Stomatal resistance and leaf water potential were measured one week after initiation of salt treatments.
Arabidopsis
Stress treatments were performed on 2-week-old seedlings grown in MS medium in liquid culture. Seedlings were treated for 3 h with abscisic acid 100 M; Myo-inositol 1 mM; LiCl 25 mM, KCl 25 mM, CoCl 2 1 M, CsCl 18 mM, CuSO 4 1 M, MnSO 4 1 mM, ZnSO 4 300 M.
Water loss analyses on detached leaves of wild-type, asg1 and T-3 single copy homozygous Asg1 over-expressing plants were performed as described by Verslues et al. (2006) , using leaves of similar size detached from 4-week-old plants. Six replicates were performed for each genotype.
Germination analyses in the presence of various stresses were performed using sterilized seeds sown on plates and stratified at 4 • C for 2 days.
Physiological analyses
Stomatal resistance measurements were performed on fully expanded leaves of transgenic and control plants using a porometer (AP4, delta device). Leaf water potential measurements were performed on the first fully expanded leaf using a dew-point psychrometer (WP4, Decagon Devices, Pullman, WA). Leaf area was measured on green leaves using a Li-Cor 3000 area meter (Li-Cor, Lincoln, NE).
Gene expression analyses
Total RNA was isolated from various tissues of potato and Arabidopsis using the TRIZOL reagent (Invitrogen). cDNA was synthesized starting from 1 g of DNase-treated total RNA using Superscript reverse transcriptase (Invitrogen). 2 l of cDNA were used for semi-quantitative RT-PCR. Primers used are listed in Table S1 . For amplification of Asg1 primers were N2.1 ST1 and N2.1 ST2 for potato andAtN2.1 For and AtN2.1 Rev for Arabidopsis. For normalization of the RT-PCRs 18S rRNA was used as internal control for potato (primers 18S1 and 18S2), while for Arabidopsis 18S rRNA (18S1 and 18S2 At), or Actin2 (Primers Act For and Act Rev) were used.
Production of transgenic plants
Primers used for DNA amplification during cloning steps are listed in Table S1 . To obtain potato transgenic plants overexpressing ScAsg1, the coding sequence of ScAsg1 was cloned in the binary vector pKYLX71 35S 2 (Schardl et al., 1987) . ScAsg1 was amplified (Primers N2.1 ATG and N2.1 STOP) from the cDNA clone AM050808 and cloned in XhoI-digested pKYLX71 35S2 after fill-in. The insertion of the fragment in the correct direction was checked by PCR.
Potato internodes from tissue cultured potato plantlets were infected and co-cultivated with Agrobacterium tumefaciens strain LBA4404 carrying the plasmid Asg1::pKYLX71. Several independent Kan r plants were regenerated following the method described by De Palma et al. (2008) and further characterized by PCR and semi-quantitative RT-PCR analyses using N2.1ATG and CH11 primers. To over-express Asg1 in Arabidopsis, the coding sequence of AtAsg1 was amplified from RNA and inserted in pDONR207 (Invitrogen) using the primers AtN2.1DONRFor and AtN2.1DONRevnostop. Asg1 was then transferred to pMDC32 (Curtis and Grossniklaus, 2003) using LR clonase (Invitrogen). For AtAsg1Promoter::GUS expression studies, a fragment of ∼2 Kb, corresponding to the putative Arabidopsis Asg1 promoter, was PCR amplified and cloned in pENTR/TOPO (Invitrogen) using primers N2.1 Prom left and N2.1 Prom right. After sequencing, Asg1 promoter was transferred by recombination to pMDC164 vector (Curtis and Grossniklaus, 2003) .
Arabidopsis wild-type plants were transformed using the floral dip method (Clough and Bent, 1998) and A. tumefaciens strain GV3101.
GUS staining
Arabidopsis seedlings and adult plants carrying Asg1Prom::GUS were used for GUS activity measurements. The histochemical detection of GUS activity was performed as previously described (Sunkar et al., 2006) . GUS staining patterns were confirmed by observing at least five different transgenic T1 lines, and T2 lines were used for detailed analysis.
Transient expression in onion epidermal cells
For sub-cellular localization studies, ScN2.1 fragment was inserted in BamHI-digested psm-RSGFP (Davis and Vierstra, 1998) after fill-in. Biolistic bombardments were performed with a PSD-1000/He instrument (Bio-Rad). Acceleration of gold microcarriers (1.6 lm) coated with 1.25 lg of plasmid DNA was used to transform onion epidermal cells. Bombardment parameters were as follows: vacuum, 28 in. Hg; distance to target, 6 cm; helium pressure, 650 psi. Onion scales were left for 12-24 h in the dark at 21 • C, and then epidermal tissues were removed and layered in water on glass slides for microscopy. Confocal microscopy was carried out using a confocal laser-scanning microscope (Bio-Rad MRC 1024 confocal system) equipped with a Kr-Ar laser and mounted on an upright Zeiss Axiovert microscope (Zeiss). Green fluorescent protein was excited at 488 nm; fluorescence was collected between 500 nm and 535 nm.
Results
Asg1 is stress-inducible both in potato and Arabidopsis
The Asg1 gene (Acc. No. AM050808), isolated from the N2.1 clone able to confer salt stress tolerance to E. coli, and its putative orthologue in Arabidopsis (At5g17640) were previously shown to be up-regulated after treatments with NaCl in plants of A. thaliana and cells of S. tuberosum (Massarelli et al., 2006) . To further investigate the possible involvement of Asg1 in the response to stress in plants, the regulation of gene expression in response to stress treatments was assessed by semi-quantitative RT-PCR. RNA blot analysis was attempted under many different conditions but no positive hybridization with Asg1 probe was ever obtained with RNA extracted from wild-type plants of potato and Arabidopsis (data not shown), possibly indicating that the amount of transcript was below the detection limit of this technique. A time course experiment in potato plants treated with NaCl 200 mM was performed and semi-quantitative RT-PCR analyses on RNA extracted from roots and leaves were carried out. As shown in Fig. 1 , the Asg1 transcripts were rapidly and transiently induced by NaCl, both in leaves (Fig. 1A) and roots (Fig. 1B) of S. tuberosum. The transcript was induced within 30 min of salt treatment while after 1 h the transcript levels were similar to those of the control samples ( Fig. 1A and B) .
A time course experiment, carried out exposing Arabidopsis seedlings to ABA for 1-4 h showed that the expression of Asg1 gene was considerably induced within 4 h of treatment with ABA (Fig. 1C) . This induction was transient as, after 8 h, the transcript levels were similar to those detected in untreated samples (data not shown).
In a different experiment, liquid cultured seedlings of Arabidopsis were treated for 3 h with various salts. As shown in Fig. 1D , while CoCl 2 and MnSO 4 did not affect the expression of Asg1, its expression was induced when plants were treated with CsCl and ZnSO 4 and particularly with LiCl and KCl. Taken together, these data indicate that the expression of Asg1 is mainly affected by treatments with salts, such as NaCl, LiCl and KCl. The expression of Asg1 is also up-regulated by ABA, which causes a transient induction after 4 h of treatment.
Asg1 tissue-specific expression and sub-cellular localization
Understanding the expression pattern and sub-cellular localization of a gene of interest is important to gain insights into its possible function in stress response mechanisms.
In order to study the expression pattern of Asg1, semiquantitative RT-PCRs were carried out on different tissues of Arabidopsis and potato. Asg1 expression was observed in all the analyzed tissues of potato ( Fig. 2A) and Arabidopsis (Fig. 2B) plants. The expression of Asg1 was higher in roots and stem of potato plants, while in Arabidopsis the highest level of expression was observed in reproductive tissues. A lower expression of Asg1 compared to other tissues was observed in leaves of both species.
To further analyse the spatial and temporal expression pattern of Asg1 in Arabidopsis, transgenic plants expressing the ␤-glucoronidase (GUS) gene driven by the Asg1 putative promoter were obtained.
Analysis of the transgenic plants (Fig. 2C ) revealed high GUS activity in all the tissues of young seedlings and in adult plants, particularly in vascular tissues of leaves and roots. The GUS expression pattern was consistent, in general, with the results from semi-quantitative RT-PCR, except that semi-quantitative RT-PCR analyses detected a comparably lower level of expression of Asg1 in leaves despite a high promoter and GUS activity observed in this tissue.
To investigate the sub-cellular localization of the protein encoded by Asg1, a fusion protein ASG1-GFP was transiently expressed in epidermal onion cells and the recombinant protein visualized by confocal microscopy 48 h after the particle bombardment. As shown in Fig. 2D , while the green fluorescent protein (GFP) was localized as expected in all cellular compartments, the fusion protein ASG1-GFP was mainly localized close to the plasma membrane, with a non-homogeneous and polarized pattern of distribution (Fig. 2D ).
Asg1 over-expressing potato plants have a hypersensitive stomatal response to salt stress ScAsg1 overexpression was previously shown to confer to E. coli the ability to grow in the presence of high concentrations of NaCl (Massarelli et al., 2006) . To test whether Asg1 is also able to increase salt tolerance in potato, transgenic potato plants constitutively expressing the S. commersonii Asg1 (ScAsg1) gene under the control of the Cauliflower Mosaic Virus 35S 2 promoter were generated. The expression of ScAsg1 in different lines of potato regenerated after transformation of internodes was confirmed by semi-quantitative RT-PCR (Fig. 3) .
Transgenic plants and wild-type potato were subjected to salt stress and physiological parameters measured. Salt stress caused an increase in Stomatal Resistance (SR) and a decrease in total leaf water potential (« tot ) in all the tested plants ( Fig. 4A and  B) . ScASG1-overexpressing plants, however, showed a significantly higher SR in the presence of salt stress ranging from 2.6 to 4.3 s/cm, while in wild-type plants and transformants with the empty vector the SR values ranged between 1.9 and 2.2 s/cm (Fig. 4A) . In terms of « tot transgenic lines did not show significant differences when compared with control lines, with the exception of line 15A8, which showed a significantly lower « tot compared to the controls (Fig. 4B) .
To confirm these results, a time course experiment was performed by measuring SR every hour during 11 h after the imposition of salt stress.
The SR values of plants irrigated with non-salinized solution were similar in ScAsg1 transgenic lines and in the wild-type (Fig. 4C) . However, upon salinization the transgenic lines revealed a more rapid increase in stomatal resistance compared to the control plants (Fig. 4D ). This increase was not detected in untransformed plants, which on the contrary, seemed somehow relieved from an initial drought stress, possibly because of the 2 days of water withdrawn preceding the time course experiment. SR values were highest in the transgenic line 15A8, in which the average values increased from 8 s/cm to 16 s/cm (Fig. 4D ).
Asg1 affects leaf area development in transgenic potato plants exposed to salinity
In a prolonged salt stress experiment, we evaluated whether the anticipated stomatal closure of line 15A8 could have been beneficial for plant growth and tuber yield under salt stress. We confirmed the higher stomatal resistance of line 15A8 in response to longterm salt stress induced by irrigation with 100 and 150 mM NaCl (Fig. 5A) , which was not associated to higher ABA levels (Fig. S1) . Moreover, line 15A8 showed a higher Leaf Area compared to the controls in salt stress conditions (Fig. 5B) . The prompt stomatal closure upon salinization, likely implicated/involved in the facilitated plant adaptation to the hyperosmotic environment and subsequent growth resumption, did not translate in an increased tuber yield in the transgenic line (Fig. 5C) . 
Seed germination of Arabidopsis asg1 mutant is insensitive to NaCl and sugars
In order to understand whether a modified expression of Asg1 affects the ability of Arabidopsis to cope with salt or, more in general, with osmotic stress conditions, Asg1 over-expressing and Asg1 knockout (asg1) plants were obtained (Fig. S2 ) and exposed to saline stress.
Leaf water loss measurements were carried out on Asg1 overexpressing plants as well as on wild-type and asg1 plants as an indirect method of measuring stomatal conductance (Verslues et al., 2006) . While asg1 plants did not show any significant differences compared to wild-type, Asg1 overexpressors showed a slightly reduced water loss (Fig. 6) , thus suggesting that an increased expression of Asg1 improves, albeit to a small extent, stomatal closure in Arabidopsis.
To analyze the effect of an abolished expression of Asg1 at the germination stage, seed germination was tested in the presence of NaCl and glucose, which are known to inhibit germination through a mechanism at least in part dependent on ABA (Arenas-Huertero et al., 2000) . asg1 was found to be insensitive to NaCl at the germination stage when germination was scored in terms of radical emergence ( Fig. 7A and B) . Similar germination tests using ASG1 overexpressors did not show any significant difference in ability to germinate in salt stress conditions as compared to WT (data not shown). asg1 seeds were also insensitive to the addition of glucose or mannose in the medium either when radical emergence was scored and when assays were carried out measuring the emergence of green cotyledons (Fig. 7C and D) .
Discussion
Biological function of ASG1 and its role in plant salt adaptation
We studied the function of Asg1 gene of potato and Arabidopsis using different approaches, including gene expression analysis, overexpression in potato and Arabidopsis and characterization of knockout mutants in Arabidopsis. The Asg1 gene was identified through a functional screening of S. commersonii cDNA clones able to confer to E. coli the ability to grow on media containing 0.5 M NaCl (Massarelli et al., 2006) . The gene Asg1 of S. commersonii (ScASG1) encodes a protein of 433 amino acids that does not contain any known functional domain. The ScASG1 protein is 90% identical to the S. tuberosum protein encoded by the Transcript Assembly TA28150 4113. ScASG1 shares high sequence similarity percentages (80%) with a protein of unknown function of A. thaliana (At5g17640) that was hypothesized to be the ASG1 orthologue (AtASG1). In Arabidopsis Asg1 appears to be a unique gene, sharing no high sequence homology with other proteins and containing a large domain of unknown function at the C-terminus, DUF1005, also found in other plant putative or expressed proteins of unknown function. DUF1005 appears to be a plant specific domain. Asg1 was shown to be induced by salt stress either in potato and Arabidopsis but with a different temporal expression pattern. In potato, ASG1 was rapidly yet transiently induced in both leaves and roots after 30 of exposure to 200 mM NaCl. In contrast, in Arabidopsis, the induction of this gene by NaCl was also rapid but stable over 24 h (Massarelli et al., 2006) . The different response in potato and Arabidopsis is not surprising, since salt stress responsive genes may have different temporal expression patterns. Wang et al. (2003) were able to distinguish 39 different expression kinetics profiles for salt stress responsive genes. Only 5 of the 472 analyzed salt stressinduced genes showed a pattern similar to the potato ASG1. The difference in expression pattern of Asg1 in the two analyzed species may be associated to species specificities and/or to the different developmental stages considered (adult hydroponically grown plants of potato and liquid cultured seedlings of Arabidopsis).
Further analysis of Asg1 gene expression profile in response to exogenous stimuli in Arabidopsis revealed that Asg1 is also induced by treatments with other salts (LiCl, KCl) and by ABA, while it was not responsive to treatments with other hormones such as auxins (IAA) or cytokinins (BAP) (data not shown). Taken together, these results indicate that Asg1 expression might be regulated through a pathway dependent of ABA, a major secondary messenger that regulates the expression of large sets of stress responsive genes (Yamaguchi- Shinozaki and Shinozaki, 2006) . The tissue specific expression of Asg1 in Arabidopsis was also investigated. Asg1 promoter analysis showed that this gene is widely expressed in Arabidopsis adult plants and seedlings. GUS expression driven by the Asg1 promoter was particularly high in vascular leaf veins, stems and the abscission and apical zone of siliques. The presence of GUS activity in pollen grains probably reflects that this tissue is developmentally programmed for desiccation tolerance, hence prone to regulate genes responsive to stress (Villalobos et al., 2004) .
Additional information about Asg1 function was gathered by analyzing the sub-cellular compartmentalization of the encoded protein. Using onion cells, we found that the Asg1-GFP-derived fluorescence has a non-continuous pattern close to the plasma membrane. A large body of evidence supports the existence, in cell membranes, of functional microdomains or lipid rafts (Brown and London, 1998) which are supposed to play important roles in protein sorting, signal transduction, and cold acclimation (Simons and Ikonen, 1997; Rietveld and Simons, 1998; Minami et al., 2010) . In plants, lipid rafts were associated with proteins involved in signaling and response to biotic and abiotic stress, cellular trafficking and cell wall metabolism, and are likely to constitute, as in animal cells, signaling platforms involved in the mentioned physiological functions (Morel et al., 2006; Mongrand et al., 2010) . The peculiar localization of the Asg1-GFP fusion protein observed using onion cells raises the interesting hypothesis that ASG1 may be part of such membrane microdomains. Further experiments, however, are needed to confirm this hypothesis.
Asg1 is a functional determinant of salt stress adaptation
Functional analysis of Asg1 in potato and Arabidopsis was further carried out by generating transgenic potato and Arabidopsis plants over-expressing Asg1. In addition, Asg1 knockout mutants of Arabidopsis (asg1) were obtained for loss-of-function studies. Overexpression of Asg1 amplifies stress responses typically observed during stress adaptation (Nakashima et al., 2009; Zou et al., 2011) . Indeed, potato Asg1 over-expressing lines exposed to long-term salt stress had a significantly higher stomatal resistance compared to their relative controls, while no differences in productive parameters (Leaf Area and tubers Fresh Weight), in salt or untreated plants, were detected. Higher stomatal resistance with no decrease in leaf area or yield is typically considered a desirable trait to increasing Water Use Efficiency (Yoo et al., 2009 ). Stomata closure is among the earliest responses to hyper-osmotic stress, since it consents to control tissue water content and cellular turgor, which is necessary to warrant growth even at a much slower rate (Munns and Tester, 2008) . While the coordination of these events is mostly under hormonal control and leads to a new homeostatic asset for water and ions (Barragán et al., 2012) , the efficiency of these processes determines the degree of adaptation. As matter of fact, stomata closure will preserve plants from wilting in the short-term but in the longterm it will arrest plant growth since it will restrict CO 2 uptake. With the exception of one line, which had a significantly lower water potential probably due to a delayed timing of stomata closure in that specific experiment, the higher stomatal resistance of Asg1 transgenic plants did not significantly affect the plant water potential, which was similarly reduced in both transgenic and control plants in response to salinity. Surprisingly, the remarkably increased stomatal resistance of Asg1 overexpressing plants did not affect plant growth in the presence of salt as it would have been expected because of a restricted availability of CO 2 for carboxylation reactions. At 100 mM NaCl, the leaf area of 15A8 was even slightly higher compared to both wild type and vector controls. Tuber yield, however, was not improved in Asg1 over-expressing plants. Consistent with most published literature (Bressan et al., 2009) , manipulation of Asg1 expression did not improve yield. This is not surprising due to the complexity of responses triggered by abiotic stresses and the number of players participating in these processes. Furthermore, in potato the production does not simply coincide with aboveground dry mass but it involves growth and development of storage organs.
The over-expression of Asg1 in Arabidopsis gave similar results to those observed in potato. The water loss rate of leaves detached from Asg1 over-expressing plants was slightly reduced compared to control plants. asg1 mutant did not show significant differences compared to the wild-type in terms of water loss rate indicating that ASG1 is not required for proper stomatal closure in regulation of water loss but rather its function may be redundant with other proteins.
Based on the results of Asg1 over-expression studies in potato and Arabidopsis, it can be concluded that an over-expression of Asg1 leads to a more efficient stomatal closure upon osmotic stress. Stomatal closure upon dehydration as well as germination in stress conditions are controlled in large part by ABA (Xiong and Zhu, 2003; Ruggiero et al., 2004; Raghavendra et al., 2010) . Indeed, many key genes involved in ABA biosynthesis, signaling, or ABA-dependent transcription regulation were initially identified by screening of mutants with altered stomatal behaviors or seed germination in stress conditions (Leung et al., 1997; Mustilli et al., 2002; Kuhn et al., 2006) . Phenotypes similar to those observed in plants with altered expression of Asg1 were reported, for example, in Arabidopsis plants over-expressing two ABF type transcription factors which displayed a reduced transpiration as well as glucose and salt hyper-sensitive germination (Kang et al., 2002) . Conversely, loss-of-function mutations in positive regulators of ABA response caused a salt-and glucose-insensitive germination (Chen et al., 2008; Söderman et al., 2000) . Although at present a biological function to proteins encoded by Asg1 genes could not be assigned, phenotype similarities of Asg1 over-expressors and loss-of-function mutants with known positive regulators of ABA response suggest that Asg1 may be involved in ABA-mediated response to salt and osmotic stresses. Further experiments will be necessary to prove this hypothesis.
